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DESCRIPTION 

METHOD FOR MEASURING THE TEMPERATURE OF A METAL SAUCEPAN 
FIELD OF APPLICATION AND PRIOR ART 

[001] The invention relates to a method for measuring the temperature of a metal 
cooking vessel or saucepan in the vicinity of a heater and to an electrical heating 
device with temperature measurement. 

[002] Methods and heaters provided with suitable devices for measuring the tem- 
perature of a metal saucepan are known in numerous different forms. In order to 
measure the temperature of a saucepan in non-contacting manner and to derive a 
temperature control therefrom, an attempt has e.g. been made to form a resonant 
circuit from an induction coil together with the metal saucepan bottom. This e.g. 
makes it possible to establish the resonant circuit frequency of the saucepan bot- 
tom. The latter is in turn determined by the temperature-dependent permeability 
of the saucepan bottom material. Therefore conclusions can be drawn concerning 
its temperature from the behaviour of the saucepan bottom. However, for this it is 
necessary to calibrate in complicated manner the system in order to provide rela- 
tively accurate temperature information and this is looked upon as disadvanta- 
geous. 

PROBLEM AND SOLUTION 

[003] The problem of the invention is to provide an aforementioned method and a 
heating device with which it is possible to avoid the disadvantages of the prior art 
and in particular obviate a complicated, fault-prone setting of inductive tempera- 
ture detection systems. 

[004] This problem is solved by a method with the features of claim 1 and a heat- 
ing device hawithving the features of claim 19. Advantageous and preferred de- 
velopments of the invention form the subject matter of further claims and will be 
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explained in greater detail hereinafter. By express reference the wording of the 
claims is made into part of the content of the description. 

[005] According to the invention, in said method, an inductive sensor and evalua- 
tion electronics are provided for detecting and controlling the saucepan tempera- 
ture. The inductive sensor and metal saucepan are part of a resonant circuit, so 
that a resonant circuit parameter is measured. The resonant circuit parameter 
can e.g. be the frequency or a phase angle, or alternatively damping or conduc- 
tance. The time behaviour or slope of the resonant circuit parameter is detected. 
The invention has specifically shown that during certain segments of a conven- 
tional cooking or boiling process, particularly the initial boiling of the water or liquid 
in the saucepan, the saucepan or saucepan bottom temperature undergoes no 
further significant change. In a normal cooking vessel or saucepan boiling water 
cannot assume a temperature higher than 100°C. This point at which the sauce- 
pan temperature and therefore also the measured resonant circuit parameter such 
as e.g. the frequency undergoes no further significant change, is detected as the 
characteristic segment. In particular there is a pronounced change to the gradient 
of the slope. From said characteristic segment is in turn determined the tempera- 
ture, e.g. during the initial boiling process of water, as a temperature of approxi- 
mately 100°C. 

[006] According to the invention, in addition to such an eventive establishment of 
a relative change to the slope or the measured value, the absolute value of the 
latter can be used at a specific point of the characteristic segment as a desired 
value for the control. Thus, very easily and without any complicated adjustment, it 
is possible to obtain a desired value for a temperature control. 

[007] As is often conventionally the case, the heater has a metal or ferromagnetic 
support or carrier. The latter heats during the heating operation, so that there are 
also changes to its permeability and resonant circuit behaviour. As it is part of the 
inductive resonant circuit, the support additionally forms a varying, interfering in- 
fluence for the resonant circuit and therefore the resonant circuit parameter or 
temperature detection. According to the invention the support temperature is 
measured and processed to a correction value. The measured resonant circuit 
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parameter is then corrected with said correction value in such a way that the sup- 
port no longer has an interfering influence. 

[008] In this way it is possible to reduce further influences of the heating process, 
e.g. the heating of further devices or components. Thus, by a similar detection 
and production, as well as the use of correction values, interference and more 
significant measurement inaccuracies can be avoided. 

[009] Advantageously a gradient reduction is used as the change to the meas- 
ured value slope gradient. This can be the transition to a substantially constant 
measured value, which corresponds to a roughly constant saucepan temperature. 

[010] According to the invention, it has been found that in the case of a complete 
evaporation of the water or some other liquid in the saucepan, a further tempera- 
ture rise can be detected. This indicates a further change to the frequency and 
therefore the measured value. This can be detected as a further or second char- 
acteristic segment of the slope. As it is generally a state which is to act on the 
temperature control or heater, it can be used as a signal for switching off the 
heater. 

[01 1] The correction values can be stored. This can take place in conjunction 
with the temperature of the support, the time or the coupling in of energy. The 
storage of correction values can take place in the form of curves or the corre- 
sponding, values. The correction values can so to speak be stored as sets of 
curves with specific parameters. This can e.g. take place as a function of a spe- 
cific coupling in of energy over a certain time period. 

[012] The temperature can be measured by a resistance measuring sensor, 
which can also be dependent on specific applications. A temperature measure- 
ment and determination of the correction value preferably takes place repeatedly 
and in particular continuously. 

[01 3] For processing the temperature or temperature change of the support to a 
correction value it is possible to provide a control means, which advantageously 
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has a microprocessor. A memory can also be provided for the correction values. 
From the support temperature is then calculated by means of the known correc- 
tion values a resonant circuit parameter or frequency shift, e.g. by simply taking a 
frequency value corresponding to a measured temperature. The frequency shift is 
then applied to the measured resonant circuit frequency. 

[014] Advantageously the inductive sensor is constituted by a coil. In an em- 
bodiment of the invention the coil can be a saucepan detection coil. Advanta- 
geously the coil has a few turns. In particularly advantageous manner the coil has 
only one turn, which makes it possible to reduce the costs of manufacture and re- 
tention of such a coil. As an alternative to a coil with at least one turn, it is possi- 
ble to use a straight, inductive sensor or so-called linear sensor. 

[015] According to a further development of the invention, advantageous methods 
can be used in an induction heater with an induction coil. Advantageously the in- 
duction coil is used as the temperature measurement sensor. Preferably this 
takes place in a type of timed or alternating operation with the heating function of 
the induction coil. Thus, by means of the induction coil and in time-segmental 
manner on the one hand the saucepan is heated and on the other the resonant 
circuit parameter is detected or the temperature is measured. 

[016] Advantageously the induction coil can have an electric contacting means in 
its path on a turn or the like. The contacting means should geometrically be lo- 
cated in an area of the induction coil in which the temperature measurement of the 
saucepan is to take place or where the latter is located. The electrical contacting 
means makes it possible to subdivide the induction coil into at least two regions. 
One part or region of the induction coil is used for temperature measurement pur- 
poses. Therefore there is no need to control and operate all the induction coil as 
an inductive sensor, which is advantageous. 

[017] In many cases induction coils advantageously have a spiral construction. It 
is possible within the scope of the invention to divide off an inner part of the induc- 
tion coil through such an electrical contacting means. Said inner part is then op- 
erated as an inductive sensor. 
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[018] It is also possible to short-circuit the other part of the coil not used as a sen- 
sor. It consequently has no interfering effect during sensor operation. In order to 
keep low the current flowing through the sensor, the latter can be operated with a 
raised frequency. 

[019] An electrical heating device with a temperature measurement according to 
the invention has a heater, an inductive sensor and evaluation electronics for con- 
trolling the temperature. In particularly preferred manner it is a hot point of a 
cooking area with which it is possible to heat a cooking vessel or saucepan placed 
thereon. The inductive sensor and a metal saucepan to be heated with the heat- 
ing device form part of a resonant circuit. Thus, by means of the sensor, its reso- 
nant circuit parameter or e.g. the saucepan frequency can be determined. The 
evaluation electronics are constructed for detecting the resonant circuit parameter 
as a measured value over its time slope or behaviour and to determine from a 
characteristic segment of the curve, in the manner described hereinbefore, the 
temperature of the saucepan. The evaluation electronics are also constructed for 
taking an absolute value at a specific point of the characteristic segment of the 
measured value curve and to use same as a desired value for the control. A tem- 
perature sensor is provided with which it is possible to measure the temperature 
of the support in which the heater is located and from this is then produced the 
correction value. 

[020] In an embodiment of the invention, it is possible to use an induction heater 
with an induction coil, which forms the sensor. It is advantageously possible to 
provide on the induction coil an electrical contacting means through which the in- 
duction coil can be subdivided into at least one first part and a second part. One 
part of the induction coil can be constructed for temperature measurement. It is 
also advantageously possible for the induction coil to have a spiral construction. 
An inner part of the coil can be isolated with an electrical contacting means and 
constructed for temperature measurement purposes. For this purpose it is con- 
nectable or connected to the evaluation electronics for control purposes. Another 
part of the induction coil, i.e. the remaining induction coil, can be short-circuited. 
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[021] These and further features can be gathered from the claims, description 
and drawings and the individual features, both singly or in the form of subcombi- 
nations, can be implemented in an embodiment of the invention and in other fields 
and can represent advantageous, independently protectable constructions for 
which protection is claimed here. The subdivision of the application by subhead- 
ings and into individual sections in no way limits the general validity of the state- 
ments made thereunder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[022] The invention is described in greater detail hereinafter relative to embodi- 
ments and the attached drawings, wherein show: 

Fig. 1 A diagrammatic representation of a radiant heater of a glass 

ceramic cooking area with inductive sensor and control means. 

Fig. 2 Different frequency and temperature curves in the time 
behaviour. 

DETAILED DESCRIPTION OF THE EMBODIMENT 

[023] The diagrammatic fig. 1 shows a glass ceramic cooking area 11. Below a 
hot point of the glass ceramic cooking area 1 1 is located a radiant heater 13, 
which is in principle constructed in known manner. In a sheet metal dish or tray 
15 is inserted a flat, also dish or tray-shaped insulator 17, on which is located a 
heating coil 19. It is also possible to embed a heating coil 19 in the insulator 17. 
From below the radiant heater 13 is pressed onto the underside of the glass ce- 
ramic cooking area 11, which can e.g. take place by not shown retaining means. 

[024] Directly above the heating coil 19 is provided an induction coil 20 which, as 
described, can have a differing construction and can e.g. have a single turn. 

[025] Above the radiant heater 13 a cooking vessel or saucepan 21 is placed on 
the glass ceramic cooking area 11. By means of the radiant heater 1 3 energy is 
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coupled into the saucepan bottom 22, which for this purpose has a ferromagnetic 
construction. As a result of the heat in the saucepan bottom 22, water 23 is 
boiled. With said device or also the subsequently described method, the aim is to 
detect when the water 23 in the interior of the saucepan 21 starts to boil. 

[026] The radiant heater 13 or heating coil 19 is connected to a control means 25, 
which has a microprocessor 26. There is also an operating element 28 and a dis- 
play 29, which are also connected to the microprocessor 26. The operating ele- 
ment 28 and display 29 can be constructed in a conventional manner. 

[027] The control means 25 also has a memory 31 connected to the microproc- 
essor 26. In the exemplified representation the control means 25 and microproc- 
essor are responsible for the energy supply to the heating coil 25. For this pur- 
pose it is e.g. possible to provide power switches or the like. 

[028] The temperature of the metal dish or tray 15 is measured directly and for 
this purpose a temperature sensor 16 is applied to the underside thereof. The lo- 
cation for applying or fitting the temperature sensor can vary, but should be se- 
lected in such a way that it is located at a very representative point. The tempera- 
ture sensor 16 can e.g. be a resistance measuring sensor. It is connected to the 
control means 25 or the microprocessor 26 in order to obtain the temperature of 
the metal tray during the evaluation of the curves. 

[029] In accordance with the above-described method according to the invention 
for the measurement of the temperature of the saucepan 21, the induction coil 20 
is controlled by the control means 25 in addition to the inductive heating operation 
as an inductive sensor. It is obviously possible here to use an induction coil of an 
induction heater. This could e.g. be alternatively controlled as a heater and as an 
inductive sensor. Such an alternate control of the induction coil as an inductive 
heater and inductive sensor is known per se. 

[030] The induction coil 20 forms part of an inductive resonant circuit into which 
are bound the saucepan bottom 22 and metal tray 15. The metal tray 15 and 
saucepan bottom 22 have a temperature-dependent permeability and therefore 



{WPI 39526;!} 



P 41531 US 8 

inductance, which influences the inductive resonant circuit and can be detected 
via the induction coil 20. The method according to the invention is inter alia based 
on the fact that as a result of the inductance change inter alia of the saucepan bot- 
tom 22 as a function of the temperature conclusions can be drawn regarding the 
temperature. 

[031] Fig. 2 plots over the time t different curves for the frequency F and the tem- 
perature T, although no part is played by said times. For illustration purposes it 
can be said that the curves roughly extend up to a time of 60 minutes. However, 
this is merely of an exemplified nature and is used for illustration purposes. The 
frequencies are also variable. The frequencies shown here are in the range of 
roughly 3.3 MHz. However, this is also solely for illustration and can vary widely. 
The temperature curves have a type of saddle point at 100°C and further informa- 
tion on this will be given hereinafter. 

[032] It is possible to see a broken line curve A, which is an uncompensated fre- 
quency curve for the entire resonant circuit over time and comprises induction coil 
20, saucepan bottom 22 and metal tray 15, as well as the heating coil 19. 

[033] The dotted line curve B represents the path of the temperature T over time t 
solely for the saucepan 21 . Account is not taken here of the influence of the metal 
tray 1 5. This curve is as if it were determined with a separate temperature meas- 
uring device. 

[034] In simple manner the dot-dash line curve C represents the path of the tem- 
perature T over time t for the metal tray in isolated form. The shallow and highly 
time-delayed temperature rise of the metal tray 15 is due to the fact that the heat 
migrates only relatively slowly through the insulator 17 into the metal tray 15. 

[035] Curve D is a compensated version of curve A after removing the influence 
exerted by metal tray 15. By means of the frequency curve D, it is possible to de- 
termine the temperature of the saucepan 21 . 
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[036] A time T1 is also shown and indicates the time behaviour at the start of boil- 
ing of the water 23. This boiling start means that the temperature of the saucepan 
21 or saucepan bottom 22 undergoes no further change and is instead roughly 
constantly 100°C. 

[037] In the time behaviour, the next time T2 indicates the point where, either by 
normal heating or by boiling, the water 23 in saucepan 21 has completely evapo- 
rated. As from this time there can again be a temperature rise and therefore a 
further change to the frequency f. At time T3 heater 13 has been switched off and 
the temperatures then drop. 

[038] For illustrating the curve A it can be stated that it admittedly has a certain 
kink roughly at time T1 . However, this is not very pronounced and is scarcely suf- 
ficient for the unambiguous determination of the start of boiling of water 23. At 
time T2, where the water 23 has disappeared, the temperature of the saucepan 
bottom 22 rises again, i.e. the frequency again drops. The absolute low point of 
the curve A shortly thereafter is unimportant for the control means or the method 
described here. The point at T1 can be used as the control point for a tempera- 
ture control to 1OO0C. 

[039] The small peaks in curves A and D before and after T2 indicate how the ra- 
diant heater 13 heats in timed manner. The peaks. indicate the timing cycle. They 
more particularly arise through the fact that the heating coil 19 is made from metal 
and therefore its temperature and consequently also its permeability changes dur- 
ing the timed heating processes. 

[040] In connection with curve B it is clear that the temperature of the saucepan 
21 does not change between T1 and T2. The temperature only rises again as a 
result of the empty boiling of the saucepan as from T2. 

[041] In curve C of metal tray 15 there is obviously no influence of the empty boil- 
ing of saucepan 21 . It can be clearly gathered from this that between times T1 
and T2 the metal tray temperature slowly, but continuously rises and reaches its 
maximum value well after T2. This continuous rise of the temperature of the metal 
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tray 15, more particularly between times T1 and T2, is the reason why, without a 
compensation- of this influence, curve A has the represented configuration and is 
not suitable or gives rise to errors with respect to a precise temperature evalua- 
tion. 

[042] Curve B would be the ideal temperature evaluation curve. However, as it is 
unavoidable that the metal tray 15 is in the inductive resonant circuit and therefore 
influences the measured curve A, it is necessary to take account of the influence 
of the metal tray 15 with the temperature according to curve C. 

[043] Thus, with respect to the method according to the invention, it can be said 
that the curve A is detected by the inductive sensor 1 9. The per se known curve 
C, e.g. detected once in a reference measuring method for a specific metal tray 15 
and which can then be stored in the memory 31, is used as a correction value and 
set off against curve A in known manner. As a result curve D is obtained which, 
as is shown in fig. 2, detects relatively well the changes to the paths at times T1 
and T2 and corresponding evaluation thereof is possible by a control means. 

[044] It is possible to file the curve C in control means 25 for implementing the 
method. Through the detection of the temperature of the metal tray 15 by means 
of temperature sensor 16, at any time the control means 25 can determine the ac- 
tual point of curve C. Finally, the frequency and temperature of the metal tray 1 5 
are linked by means of the physical circumstances. Thus, at any time the control 
means can gather from the curve C the necessary correction values for correcting 
curve A. As a result of this correction control means 25 obtains curve D. As de- 
scribed hereinbefore, it is possible to precisely determine therefrom both times T1 
and T2. This makes it possible to detect a starting boiling process and also a run- 
ning empty of a saucepan 21 . 

[045] Advantageously the curves are stored in the factory in memory 31 . Thus, 
this process does not have to be separately performed for each individual induc- 
tive heater 13. It is also possible to store links with a coupling in of energy via the 
heater in order to economize the measurement of the temperature of the metal 
tray and the associated costs. 
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[046] The invention is based on the fact that the distance between the metal tray 
15 and heating coil 19 is predetermined by design and is therefore always the 
same. Thus, the influence of the metal tray on the measured frequency of curve A 
determined as a result of the measured tray temperature can be detected, deter- 
mined and filed. This influence can also be subsequently calculated by correction 
from curve A and as a result curve B is obtained. 

[047] Instead of measuring the temperature of the metal tray 15 by a temperature 
sensor 16, it is also possible to file various curves in accordance with curve C. 
Through the determination of the cooking energy or heating power coupled in by 
means of the induction coil 19, which is readily possible in control means 25 or 
microprocessor 26, it is possible to establish the temperature of the metal tray 15 
after coupling in a specific energy over a specific time or with a specific time pro- 
file. 

[048] As it is fundamentally possible that not only by boiling, but also by normal 
heating all the water 23 disappears from the saucepan 21, it is fundamentally also 
possible to determine no point corresponding to T1 . Finally, the saucepan 21 
does not necessarily remain at a specific temperature. However, it is always pos- 
sible to establish T2, at which there is once again a rapid heating and therefore a 
pronounced change to the gradient of the compensated curve D. 

[049] It is possible to associate a specific initial temperature, e.g. ambient tem- 
perature to a filled saucepan 21. Additionally through reaching the cooking point 
T1 the frequency f can be determined at which the saucepan 21 would relatively 
accurately be at 100°C. Finally, for certain processes, e.g. a keeping hot of a 
saucepan content, it is possible to start with a temperature lower than 100°C, e.g. 
70°C or 80°C. By interpolating the curve between the known starting temperature 
and 100!C, the frequency belonging to the desired temperature can be deter- 
mined. The control means 25 can then control the coupling in of energy across 
the heating coil 19 in such a way that this frequency and therefore the desired 
temperature are maintained. 
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[050] The initial temperature for such a procedure can e.g. be inputted by means 
of control element 28 or the like. It can alternatively be assumed that on putting 
into place a saucepan 21 with its content always roughly has ambient tempera- 
ture. 
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